Abstract
their surface [7] . Since its natural function is receptor-mediated endocytosis, CD163 is a target 48 for pathogens entering cells. At least one other virus, the simian hemorragic fever virus [12] , 49 has independently evolved to target CD163. 50
Given that genome editing of CD163 has led to PRRVS-resistant pigs, we wanted to 51 see if natural loss-of-function variants for the CD163 gene could be identified in elite pigs, in 52 order to investigate the opportunity to develop PPRSV resistance from within existing breeding 53
programs. The aims of this paper were to survey CD163 sequence variation for such naturally 54 occurring knock-out variants, and to put CD163 variability in the genomic context of genomic 55 variant intolerance and selection. We used targeted pooled sequencing of the exons of CD163 56 to detect sequence variants in 35,000 pigs of diverse genetic backgrounds. We then used whole 57 genome sequence data from three pig lines to put the CD163 results in the context of the whole 58 genome. We used three complementary population genetic analyses: a variant intolerance 59 score, which measures the tolerance of genes to protein coding variation; a selection test on 60 protein coding variation over evolutionary time; and haplotype diversity statistics to detect 61 recent selective sweeps during breeding. 62 intolerance score based on segregating exonic SNPs; 2) a gene-based selection test 72 incorporating synonymous and nonsynonymous divergence between the pig and cattle 73 reference genomes; and 3) a selective sweep statistic based on haplotype diversity in imputed 74 whole-genome sequence data from one of the lines. 75 76
Data

77
We used targeted exon sequencing of the CD163 gene from 35,000 pigs. The sample 78 included nine lines from the breeding programme of the Pig Improvement Company (PIC). 79
The DNA samples were previously collected in 2011-2016 as part of the operation of the 80 breeding programme. 81
To put the targeted sequence data in a genomic context, we used whole-genome 82 sequence data from three lines of pigs of the PIC breeding programme. These lines were also 83 sampled in the targeted exome sequencing. We used 1146 individuals from line 1, sequenced 84 at variable coverages. 84 of them were sequenced at 30X coverage, 11 at 10X coverage, 45 at 85 5X coverage, 561 at 2X coverage, and the remaining 445 at 1X coverage. The individuals and 86 their sequence coverages were chosen with the AlphaSeqOpt algorithm [13, 14] , with the 87 addition of sires that contributed a large proportion of the genotyped progeny in line 1 that 88 were genotyped as part of the routine breeding activities of PIC. We used 408 individuals from 89 line 2, and 638 individuals from line 3, all of them sequenced at 2X coverage. These individuals 90
were sires that contributed a large proportion of the genotyped progeny in lines 2 and 3 that 91 were genotyped as part of the routine breeding activities of PIC. 92
93
Targeted sequencing of CD163 constructed a shotgun sequencing library using the ThruPLEX Tag-seq kit from Rubiconsequence to be generated from reads originating from the same molecule thus reducing the 99 impact of sequencing errors. 24 such barcoded libraries were combined and used as input into 100 a sequence capture reaction using baits designed against the exons of CD163 gene (Arbor 101
Biosciences, Ann Arbor, MI). species divergence and within-species polymorphism. We calculated the divergence between 145 the pig and cattle (UMD 3.1.1) reference genomes using the Nei-Gojobori method [27] whichcodons. We aligned the reference genomes using Lastz [28] , and refined the alignments using 148 the chain/net method [29] . We excluded all codons that were not fully aligned between 149 genomes, that is, any codon containing an alignment gap or a missing base in any of the 150 genomes. We ran the empirical Bayes implementation of SnIPRE, using the lme4 R package 151 [30] . 152
153
Selective sweep analysis by haplotype diversity
154
We estimated haplotype diversity at CD163, at random 100 control genes of similar 155 length, and at 11 homologs of genes that are stably expressed in humans [31] . The control 156 genes were selected at random from genes of similar genomic length as CD163 (at most 10% 157 difference). 158
We imputed genome-wide sequence data to 65,000 pigs from line 1, using SNP chip 159 genotypes from 60K or a 15K SNP chip and the line 1 sequence data described above. We 160 individuals were considered the same haplotype, and strings with multiple mismatches weretwo strings were considered different haplotypes to account for sequencing or phasing errors. two of which were nonsynonymous, the rest synonymous, and no potential knock-out variants. 188 Table 1 
226
We investigated haplotype diversity in CD163 in one of the lines using imputed whole 227 genome sequence data. CD163 showed no evidence of recent selective sweep. We calculated 228 the selective sweep test statistic H 12 , and compared it to 100 randomly selected control genes 229 of similar length. Figure 5 shows H 12 at CD163, the 100 control genes, a set of homologs of 230 genes that are stably expressed in humans, and randomly selected genes labelled as intolerant 231 by their residual variant intolerance score. 232
233
Discussion
234
In this paper, we investigated sequence variability, evolutionary constraint, and 235 selection on the CD163 gene in pigs. We identified synonymous and nonsynonymous variants, 236 but no potential knock-out variants in the gene. We found that CD163 is relatively tolerant to 237 variation, shows evidence of positive selection in the lineage leading up to the pig, and no 238 evidence of selective sweeps during breeding. In the light of these results, we will discuss (i) 239 
Conclusions
288
We performed a deep survey of sequence variation in the CD163 gene in domestic pigs. 289
We found no potential knock-out variants. CD163 was moderately intolerant to variation, and 290
showed evidence of positive selection in the lineage leading up to the pig, but no evidence of 291 selective sweeps during breeding. 292 
